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Abstract— Hollow carbon fiber was prepared from petroleum pitch and activated by stean: for the production
of new type adsorbent. The hollow activated carbon fibers (HACF) showed 800-2100 m?/g of specific surface
area. All the adsorption isotherms of HACFs were Type 1. The external surface area of 70% burn-off HACF
was only about 1.5% of total surface area, which means that the micropore volume is very large. HACFs
have excellent iodine adsorption and methylene blue decolorization capacities like an ordinary activated carbon
fibers in solution. Especially, it is expected that HACF can be used for the separation of various mixtures
as molecular sieves.
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Fig. 1. (a) Pitch-based hollow carbon fiber and (b) enlar-
ged view of hollow.

TR A Fo vl A Y B AT vy
2 A A (Autosorb-1, model AS-1, Quantachrome,

USA) & AMg-3te] Ao L%&‘;Z}J‘ d& FYsle]
staith. &, Al8E 200T o A 3k Bk 23ste] 1
AlFAel R & 3 77 Kol A "JEH"J*’%‘:HEM] g Ax
Faeke &Asa BETAE #838to] F3lsich 0|4
o] Hale}l o]® F A (external surface area-meso-
pores, macropores % external surfaced o} X3t
ST A asi[4)S

0

nonmicroporous surface) <
24_9_5],0:‘ :‘13],031;},
FaA ) A5 Hrishe 208 FaEy) fdags

e B TAFABLI det 24 5 §

2alge 01N 2.2 =8 50 miol 05ge] AlE2 @
25T ol 4] 155 E<qF 100 rpm OB 2|7 F Abgol
10mlE #&te] 01N gl 3= go g H4sty 3



%7 Hollow

80 |~ /
! H-7 (Y H-5
| g
60 | 950 °C
~ = 900 °c
- ]
w
bl
? - / H~2
[ 40 | H-6 O H-q ° g
5 i 850 °c
m
i H-3
20 O n-1
|
0 ! 1 L 1 ( |
0 20 40 60 80 100 120

Time { min )
Fig. 2. Burn-off of pitch-based hollow carbon fiber with
respect to activation time.
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Fig. 3. The amount of nitrogen adsorbed at 77 K on hol-
low activated carbon fibers.
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Fig. 4. Enlarged view of Fig. 1(b).
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Table 1. Standard data for the adsorption of nitrogen at
77K on carbon A[10]

Relative Relative Relative
21;:;5% (=n/mey) pr;s/;ure (= n/ ) pr;ssure (= n/nm)
0.005 0.51 0.18 0.75 0.44 1.05
0.01 0.54 0.20 0.78 0.46 1.07
0.02 0.57 0.22 0.79 0.50 111
0.03 0.59 0.24 0.81 0.54 117
0.04 0.61 0.26 0.83 0.60 1.26
0.05 0.63 0.28 0.85 0.64 133
0.06 0.64 0.30 0.88 0.70 145
0.07 0.65 0.32 0.90 0.74 1.54
0.08 0.66 0.34 0.93 0.80 1.69
0.10 0.68 0.36 0.95 0.84 1.79
0.12 0.70 0.38 0.98 0.90 2.05
0.14 0.71 0.40 1.00 0.94 244
0.16 0.73 0.42 1.02

3

2 -
-\g .

1L

0 L { L | L 1 1 1 1

0 0,2 0.4 0.6 0.8 1.0

p/P°

Fig. 5. Standard adsorption isotherm of nitrogen at 77 K
on nonporous reference adsorbent (Carbon A).
Y=0.55240.922X + 1.956X?—5.602X°*+4.946X*

(Y=as, X=P/P,).

Pure and Applied Chemistry) 4 EF5&F &=
Ae =e Czhe zhe Type II 52F2348 A
€& 7lo] o2} B33l microporousil Aol o3l
A% FaA A sl & FAstx o9l
, oldddle ®AaFAAl A3 EESSFATAL
¢33}3k carbon blacke] A2EF FA3 ASE o)
A2} 591313} carbon blacke #Adetio= F2

Jl

iu.r.u.

‘El‘l% A7) A% us-plotOll o2 E IFELF
d& vtz Bk E AS $& 252 7hdsly
7} nonmicroporousﬁ—r-lﬂli—rﬁi dojo} i
7Z1¢]t}. Rodriguez-Reinoso $[10]¢} #Aerig 2073



274 Hollow &2AFEZHE Af4 &4gdx 103

H-5
P IR H-7
o
o.8 3
x
L
- ©
o o
~
o 0.6k »
§ °
- H-4
g rad H-2
k1 a oo =6
o 0.4l <P0°
> H-1
e N H-3
o
0.2
H-0
o.a byt — x S
0 0.5 1.0 1.5 2.0

Fig. 6. as plot of hollow activated carbon fibers.
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Table 2. Specific surface area S and micropore volume
Vof pitch-base'q HACF measured by BET and
reduced standard adsorption method (as)

Burn-off  Saer Sext Vaer Vas

Ref. (wt %) (m¥g) (m¥Yg) (cm¥g) (cm’/g)
H-0 0 35 32 0.29 0.016
H-1 23.0 820 29 0.36 0.348
H-2 39.0 1210 7.8 049 0.480
H-3 31.0 920 22 0.39 0.338
H-4 40.0 1195 11.0 0.51 0.493
H-5 69.0 2105 25.6 0.92 0.882
H-6 38.0 1025 8.0 044 0427
H-7 72.0 2020 28.7 091 0.871
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Fig. 7. Specific surface area of hollow activated carbon
fiber with respect to burn-off.
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Table 3. Iodine adsorption and methylene blue decoloriza-
tion of HACF from aqueous solution

Todine adsorption Methylene blue decolorization

Ref.
(mg/g) (mi/g)
H-0 495 0
H-1 1220 33
H-2 1370 160
H-3 1030 55
H-4 1160 140
H-5 1635 380
H-6 1330 190
H-7 1670 300
2000
1600
-
S 1200
E
& so0
2
E
',E 400
ol | ! L i
4] 20 40 60 80 100

Burn-off ( ¢ )

Fig. 8. [odine adsorption capacity of hollow activated car-
bon fiber with respect to burn-off.
O-HACF, @-ACF

Eo] 2 7He& AR dct At 2 e
g $= dutekiAd el A9} vhtrtA &, H-
3 @4o] dojux] dslck 1EE, o

2ESE & o H7hF
o2 ol

Fig. 83} 9ol burn-offe} H4-&=iste] FAE =
213+ v}, HACF9] A4& 2534 ACFe} nial7lAlg
burn-offe] Z7iell wel dyew F7lstA|ul, burn-
off 7} Z7}&+= HACFY 29= §Fibs3o] ACFd
A e Faolh AlzAled g odF A
FTE9 g FAHE 2D ATl HIste] oF
327 W Eo2 Ao vidaiEFe] g4l A
HACF9] £32 Agole olF Qﬂ@l shx) Z3icir}
burn-off7} 20%& dolA® 2 e = Fieksl v sl

22 Fito] o] FoR& A



AAA Hollow A2 AFZ5E] A4 Ak 105

Methylene blue decolorization ( ml/g )

0 20 40 60 80 100
Burn-cff ( %)

Fi

g. 9. Methylene blue decolorization of hollow activated
carbon fiber with respect to burn-off.
O-HACF, @-ACF

2000

1600

1200

800

Iodine adsorption ( mg/q )

400

/
[N Y | 1 { |
0 500 1000 1500 2000 2500

Specific surface area ( mz/q )

Fig. 10. Iodine adsorption capacity of hollow activated
carbon fiber with respect to specific surface area.
O-HACF, @-ACF

7o 2 dd AN SR 5 FAY gl 8P =
EHEFAHL Holx 20% ©] 4 burn-off & 873
o] o} we] FaFI]EL o}A 7R e A] ¥t
£ 9} Za)3lsty Az nAlFe Zv)d #Figle
R gk a3 Ao Hlelvhs 2AHIES TL
burn-offell A = 2t v]AlFE2 =79} F27F AE
Z7d| we} of2 7] o Felr

grbgo g okalel gAele] 2 o FAH o] 1100
mg/g, HHAEF DY) 200 ml/ge]|2E HACF=

500

400 [~

300 |-

Methylene blue decolorization ( ml/g )

200 —
100 [
/
/
K H~3
/l 1
H-
H-0
0 | | | -
) 500 1000 1500 2000 2500

Specific surface area ( mz/g )
Fig. 11. Methylene blue decolorization of hollow activated
carbon fiber with respect to specific surface area,

O-HACF, @-ACF

-
[ ]

2F 40%2] burn-offol] e} Q¢ & FAHo|, <} 50%
burn-offo A ¥& vl B Fe] F4dR ¢
Stk & 4 Ut

Fig. 10, 11& v E @37} 442 #AE &
AR Aoz, A4] v|E g He] F7gte qhe} F2H o]
Z7}stA|et burn-offe] AS-oke ot & BAE B
o] glc}. &, Fig. 109] HACFe] 8¢ F3¥e v
EgHo] 1200 m¥/gelate] =W dukdAdekiAdfel ¥
gl AS A2 358 burn-offs FFIAELY
9 #3439 A2dYE do3lFd FA FF Ex
A% mesoporesel| A 9] F-ape W vlAFl 27
F2tekol] wsle] FAIE wlgt Yo g, 2,
Fig. 119} sdafigfo] 739 2& v EAH A=
ACF7} HACFRYE ¢4 723 eyt oL
4435t z7]¢) HACF9 F3olv URAFEL vlE
HA e 318 & Po| x| AAZ Fl e 24381
23 el Aot ey, Fig10d 34 A
EY o 2ZEHDLAFE bumn-off %7t FE de
L eeel Feko] mn g AutdARSAfRCE 5
s, B3], o] & £ Fold AANE F& A
o2 wojalch 3k fo] vle] 9leng WAL 3
Ayl EE HEelo 451 Avlde 2
FH5o] dojd Rog MdupgL)

H-2, H-4, H-63} 7¢] burn-off %7} & HACF¥9
N AL Az stz a2t gt &
ojgh Ao aex Faeke AL ET}L Yol 2l
A17d A sk H-200 4 ZoiEatets Bol vhg,

HWAHAK KONGHAK Vol. 31, No. 1, February, 1993



106

dal B G4 Te] B B x4 84
35 H-6014 o] B2 FAHS RAF22A, F3ae
F2hA) 9} AlFe] wofolu} M3 7] 8 ¥ (pore size dis-
tribution) = A% UAHZ AV ASE AAEln
ek thAZ, H-29} o] @& =9} 71 ¥AstA|7H
oA Az3 ACF= £33 vAF 2 27|18 &
3t slow, H67 o] ¥& &xe #e ¥A3)
AlZbe Az ACF= 493 =79 43 w43
sk glgol s AT 11].

H-59} H-7-¢ vz 29 8 ¢ = 2182 burn-offs]]
v| 232 ¢li=ul mesoporesS E3Ih= o] E-F iAo
4 242 H-57) ¥-2leko] 2 v A 75 Y53] Hol
F3ln 9lgog fale] vdlEFe FAFL
u g mokyt IV EE, FabA S g @A
5 o B3t Eestatdaled o2 Aoz
@y AT FHAHWIIUE 7S e Exe
A7} g sjofof & Ao}

4.8 £

H% A AAERE FIVLARE D
2yow BY3tsle FT VLA FH(HAC

I
R
2 9

_?{_r‘
£
2
it
Lo
)
X
o
1
L)
oot
_21_1‘
Am
oX.
o
dY
fu
r_?{_:‘
[
&
£ ot B

LFHATAL AT 28 e Type |
Fow, oEERE T HEHAIN AFHI=
burn-offoll ®]# 32, A9} g0t Fi3 = wdy
8T G4 5Ho] Hojydrl 12y, & burn-offe}
sjgte FAH A AolE Ro|n Q&2 ik
Aertrdd el old7A 2 Az x e} op2d wdEE
ulAFe] Befovt 7| RE7} thE Y| wfjfolct. BlE
wHo] 1200 m¥/gd w74Al= AvbEAR AR
ste] FFRAHetaFo 205 FAFY) o
3 Ao 2 vjepydc) ol FF ARG AHRFE T
o) F% A4e wE2 ofrl¥l 9F7ke] mesoporesd]
Fol7l 2 slx|uh, 3o WHels 82=8 FiAE
28717 9le A #Zrh

Burn-off7} Z71shad W% wjA-FR-a7} F531
Folu} mesoporesol| 23t -5 FA|F whamR
TSRS FAETE g Ad R 3
oA} a2, FE At = 714, A4 £

o
fx

% ofN ofy

i

5128 M31AH M1S 19934 2%

10.

11.

A 2HYE - HFL - o)BA - KT

& Aoz PesAY nl4Ee 1% 5 S

7 A

. Ryy, S.K, Rhee, B. S, Lee, J.K, Lee, D. W, Pus-

set, N. and Ehrburger, P.: “Adsorption Charac-
teristics of Activated Pitch-based Carbon Fibers”,
Carbon '90, Paris, France (1990).

. Kim, Y.0,, Ko, K.R, Park, Y. T. and Ryu, S.K.:

HWAHAK KONGHAK, 30, 347(1992).

. Rhee, B. S, Ryu, S.K,, In, S.]J. and Kim, J. P.: “The

Mechanical Properties and Structures of Pitch-ba-
sed Hollow Carbon Fibers”, International Sympo-
sium on Carbon, Tshukuba, Japan (1990).

. Jaroniec, M., Madey, R., Choma, ]J., McEnaney, B.

and Mays, T.].: Carbon, 27, 77(1989).

. KS-M-1802, JIS-K-1474 (1975).
. Lee, D. W, Lee, J. K, Rhee, B.S. and Ryu, S.K.:

HWAHAK KONGHAK, 27, 777(1989).

. Everett, D. ]. and Powl, J. C.: Faraday Trans. 1, 72,

619(1976).

. Dubinin, M.M. and Radushkevich, L.V.:Proc.

Acad. Sci. USSR, 55, 331(1947); Dubinin, M. M.:
Russ. J. Phys. Chem., 39, 697(1965).

. Sing, K. S. W,, Everett, D. H., Haul, R. A. W., Mos-

cou, L., Pierotti, R. A., Rouquerol, J. and Sieminie-
wska, T.: Pure Appl. Chem., 57, 603(1985).
Rodriguez-Reinoso, F., Martin-Martinez, J. M., Prado-
Burguete, C. and McEnaney, B.: /. Physical Chemi-
stry, 91, 515(1987).

Ryu, S.K, Jin, H.K, Rhee, B.S. and Endo, M.:
“TEM Study of Pitch-based Activated Carbon Fi-
bers”, Twentieth Biennial Conference on Carbon,
Santa Barbara, USA(1991).



